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ABSTRACT 

(Secret) 

The  operational  performance  of  the  AN/FPS-95  was  degraded  by  the 
appearance  of  an  enhanced  noise  which  occurred  in  conjunction  with  the 
backscatter.  The  present  paper  describes  the  experimental  attempt  to 
identify  that  component  of  the  noise  which  could  arise  from  near  range 
phenomena.  For  23  MHz,  the  cause  is  due  primarily  to  line-of-sight  meteor 
trail  reflections,  while  for  lower  operating  frequencies  there  are  indica- 
tions of  spreading  of  surface  wave  clutter  by  antenna  vibration. 


* * * 


This  report  represents  work  performed  by  the  Naval  Research  Laboratory 
(NRL)  to  carry  out  for  the  U.  S.  Air  Force  the  investigation  of  certain 
Over-the-Horizon  (OTH)  techniques  using  the  AN/FPS-95  Radar.  This  Research 
and  Development  (R&D)  work  was  conducted  by  NRL  in  direct  technical  support 
to  the  Over-the-Horizon  Program  Office  (OCS)  of  the  Electronic  Systems 
Division  (AFSC) . 
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FINAL  TECHNICAL  REPORT  ON  THE  AN/FPS-95  RESEARCH  AND  DEVELOPMENT  PROGRAM 
Vol.  II,  Part  E.  NOISE/INTERFERENCE  ENVIRONMENT  (U) 

I.  INTRODUCTION  (U) 

(S)  During  the  course  of  its  first  year's  operation  the  performance 
of  the  AN/FPS-95  was  degraded  by  the  occurrence  of  an  enhanced  noise  which 
appeared  in  conjunction  with  the  backscatter.  To  determine  the  causes  of 
this  "clutter-related  noise"  the  ESD  Scientific  Assessment  Committee  was 
established  in  January  1973.  A test  plan  was  developed  consisting  of  seven 
specific  experiments.  The  present  paper  is  a report  on  the  experiment  to 
identify  the  source  of  that  component  of  the  excess  noise  that  could  occur 
in  the  near  range. 

(S)  The  mechanisms  postulated  by  the  Scientific  Assessment  Committee 
for  the  production  of  the  short-range  noise  were  transmit /receive  switch 
deionization,  transmitter-induced  corona,  antenna  vibration,  and  meteors. 

That  portion  of  the  noise  appearing  in  the  skip  zone  just  short  of  the 
clutter  is  thought  to  be  clutter  related  and  is  excluded  from  consideration 
for  this  test. 

II.  TRANSMIT/RECEIVE  SWITCH  DEIONIZATION  (U) 

(S)  Extensive  tests  were  performed  on  the  receiver  and  the  transmit/ 
receive  switch  during  the  Category  II  tests  and  DVST.  These  tests  show  that 
the  solid  state  duplexer  has  no  measurable  effect  after  24  microseconds  from 
its  turnoff  time.  However,  these  tests  also  show  a set  of  transients  asso- 
ciated with  gating  the  receiver  off  during  the  transmit  pulse  period.  This 
gate  has  a rise  time  on  the  order  of  100  nanoseconds  and  gates  any  signal 
present  in  the  receiver  preselector  passband.  Sidebands  generated  by  gating 
signals  in  the  preselector  passband  appear  in  the  receiver  passband.  Because 
the  time  constant  associated  with  these  sidebands  is  that  of  the  crystal 
filter  in  the  receiver,  only  the  first  and  last  range  samples  are  contaminated. 
However,  the  postdetection  filter  in  the  on-line  signal  processor  has  a much 
longer  time  constant  and  smears  the  transient  over  several  range  cells  if  the 
transient  is  allowed  to  reach  the  processor.  During  the  DVST  period  the 
receiver  gating  was  modified  to  limit  receiver  off-time  to  the  transmission 
interval.  Gating  of  data  to  the  signal  processor  was  provided  by  restricting 
the  range  samples  sent  to  the  digital-to-analog  converter.  This  modification 
alleviated  the  on-line  near-range  noise  problem  somewhat.  As  will  be  seen 
from  data  presented  later  in  this  report,  for  off-line  signal  processing, 
where  range  samples  are  treated  independently,  the  transient  contaminates 
only  the  first  range  cell. 

III.  TRANSMITTER- INDUCED  CORONA  (U) 

(S)  Corona  detection  tests  were  run  on  13  March  1973  between.  0800Z  and 
0930Z.  The  detection  equipment  used  was  a Singer  NM-25T,  radio  interference 
field  intensity  measuring  equipment.  The  NM-25T  was  mounted  on  the  platform 
outside  of  door  8.  Door  8 is  in  the  antenna  backlobe  in  line  with  string  4. 
While  operating  the  radar  at  full  power  the  NM-25T  was  used  to  scan  the  fre- 
quency range  from  150  kHz  to  30  MHz  for  signals  produced  by  antenna  corona. 
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Although  the  low  frequency  part  of  the  spectrum  was  thought  tc  be  the  most 
sensitive  indicator  of  the  presence  of  antenna  corona,  no  signals  related 
to  the  AN/FPS-95  operation  could  be  found  in  this  part  of  the  spectrum. 
However,  with  the  system  operating  on  6.97  MHz  evidence  of  antenna  corona 
was  found  by  listening  to  the  fourth  harmonic  at  27.9  MHz.  The  level  of 
this  harmonic  was  greatly  influenced  by  the  power  level  of  transmitter 
operation  and  by  the  particular  antenna  string  in  use.  This  is  apparently 
the  antenna  corona  or  arcing  which  produces  harmonics  up  into  the  television 
broadcast  band  and  has  caused  television  interference  in  the  vicinity  • 
operating  below  10.5  MHz.  This  corona  has  been  the  subject  of  an  inter;.  L 
investigation  as  the  result  of  its  link  with  the  television  interference. 
Numerous  photographs  and  measurements  have  been  mad.'  by  the  investigators. 
Although  the  television  interference  investigation  had  established  a cutoff 
frequency  of  about  10.5  MHz  for  the  effect  of  antenna  arcing  on  television 
reception,  attempts  were  made  to  detect  evidence  of  corona  when  operating 
above  10.5  MHz.  When  operating  on  15  MHz  and  scanning  from  150  kHz  to  the 
second  harmonic,  no  evidence  of  antenna  corona  could  be  found.  Therefore, 
testing  at  23  MHz  for  the  antenna  vibration  and  meteor  hypothesis  continued 
without  the  installation  of  a corona  monitor.  There  appears  to  be  nothing  to 
monitor. 

IV.  ANTENNA  VIBRATION  (U) 

(S)  Several  attempts  were  made  to  obtain  a sufficient  surface-wave- 
clutter-to-background-noise  ratio  to  see  clutter-related  noise.  Typically, 

30  or  40  dB  clutter-to-noise  ratio  was  achieved  by  operating  at  a low  fre- 
quency on  vertical  polarization.  For  example,  on  7.71  MHz  with  a 250-p,s 
pulse  the  surface  wave  clutter  was  -40  dBm  at  80  nmi.  Background  noise  for 
this  data  at  40  PRF  and  10  seconds  integration  time  was  about  -74  dBm.  Data 
taken  in  this  frequency  range  show  an  interesting  fluctuation  in  the  noise 
which  appears  to  be  associated  with  the  surface  wave  clutter.  The  tests  are 
inconclusive  because  of  the  possible  contamination  of  the  first  range  cell 
by  gating  transient  already  discussed. 

(S)  Figure  2 which  is  described  in  detail  later  shows  data  taken  at 
23  MHz  on  80  PRF  which  contains  a -69  dBm  surface  wave  clutter  signal  at  40 
nmi.  Although  the  background  noise  for  this  data  was  down  to  about  -130  dBm, 
there  was  no  evidence  of  spectral  spreading  of  the  surface  wave  clutter. 

No  surface  wave  clutter  was  observable  on  the  system  antenna  when  operating 
the  antenna  horizontally  polarized  or  when  operating  on  the  Yagi. 

V.  METEORS  (U) 

(U)  Meteoric  particles  impinging  on  the  atmosphere  produce  ionization 
trails  at  80- to  110-km  altitude  which  result  in  radar  echoes  in  the  near 
range.  Because  of  the  large  numbers  of  these  echoes  and  their  spread  spec- 
trum nature,  they  are  noise-like  in  character.  The  earth  intercepts  approxi- 
mately 10liJ  meteoric  particles  per  day  ranging  in  mass  from  10"8  to  10^  grams 
which  produce  electron  line  densities  above  10^®  electrons  per  meter.  The 
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product  of  the  number  of  meteors  of  a given  mass  or  greater  and  that  mass 
has  been  found  to  be  roughly  constant  at  10^  grams.  Since  the  electron  line 
density  produced  by  a specific  meteoric  particle  is  directly  proportional  to 
that  particle's  mass,  a similar  relationship  holds  between  the  meteor  rate 
and  the  electron  density.  Equation  1 gives  the  relationship  between  Ne,  the 
number  of  meteors  per  day  producing  a line  electron  density  of  De  electrons 
per  meter  or  greater  and  the  electron  density  De 

DeNe  = 1022  (1) 

(U)  Meteoric  particles  produce  electron  densities  from  about  10^ 
electrons  per  meter  upwards.  Assuming  the  system  can  detect  meteor  trails 
from  this  density  upwards,  the  rate  of  occurrence  Re  may  be  calculated 

10^2  * 

Re  = r (2) 

De^e 

where  A-  is  the  area  in  one  resolution  cell  and  Ae  is  the  area  of  the  earth. 
Evaluating  the  equation  in  dB  for  an  electron  density  of  10^®  electrons  per 
meter,  De  = 100  dB,  Ae  = 147  dBsm,  and  Aj.  = 93  dBsm.  This  resolution  cell 
represents  one  20-nmi  range  cell  at  280  nmi  with  an  antenna  beamvidth  of  6°. 
The  resulting  rate  Re  i8  66  dB  or  10°  * 6 meteors  per  day.  This  may  be  reduced 
to  a more  meaningful  rate  of  10**  ^ meteors  per  second  for  a typical  resolution 
cell.  Since  the  radar  reflections  are  produced  in  a rather  narrow  altitude 
band,  the  elevation  angle  antenna  pattern  is  reflected  in  the  amplitude- 
range  distribution  of  radar  returns  from  this  meteor  flux. 

A.  Identification  of  Near-Range  Noise  Sources  (U) 

(S)  To  test  the  meteor  hypothesis  a series  of  tests  were  performed  in 
which  the  operating  frequency  was  held  constant  at  about  23  MHz  and,  by 
varying  the  time  of  day,  data  were  taken  both  above  and  below  the  maximum 
usable  frequency.  Figure  1 shows  one  set  of  data  taken  above  the  ground 
backscatter  MUF  using  the  Stanford  Research  Institute  Facsimile  processor. 

Data  are  displayed  in  the  form  of  range-time-intensity  plots.  The  MDS  for 
this  setup  is  -115  dBm.  The  reduction  in  the  range  at  which  the  near-range 
noise  appears  when  switching  from  vertical  o horizontal  antenna  polarization 
is  apparent  and  is  consistent  with  the  meteor  hypothesis.  This  shift  in 
range  is  the  result  of  the  higher  elevation  pattern  of  the  horizontally 
polarized  system  antenna  as  compared  to  the  vertically  polarized  system 
antenna.  The  transmitters  were  turned  off  between  each  run  to  confirm  that 
the  noise  being  seen  was  in  fact  a radar  return.  In  a paper  which  appeared 
in  the  IRE  Proceedings  in  October  of  1955,  0.  G.  Villard  et  al  published 
plots  of  the  expected  and  observed  meteor  activity  as  a function  of  azimuth 
from  a radar  at  Stanford  University.  These  plots  were  for  a radar  located 
at  37.5°  north  latitude  in  the  month  of  June  and  show  a higher  intensity  of 
meteors  toward  the  north.  Figure  1 also  shows  a similar  higher  density  in 
Beam  1 which  is  the  more  northerly  beam.  A close  examination  of  Figure  1 
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shows  a -100  dBm  track  beginning  at  about  0606Z  and  continuing  until  0610Z 
when  the  transmitters  were  shut  down.  The  radar  range  is  about  100  nmi. 
Observation  of  the  on-line  system  doppler-versus-range  displays  during  this 
period  showed  a strong  line-of-sight  aircraft  target  at  100  nmi.  Thus,  this 
and  other  weaker  tracks  are  attributed  to  line-of-sight  aircraft.  These 
weaker  tracks  are  removed  for  the  purpose  of  the  meteor  analysis  by  the  use 
of  median  signal  analysis.  This  analysis  is  described  in  later  sections. 

(S)  In  addition  to  the  general  shortening  of  the  range  to  the  maximum 
noise  density  a close  examination  of  the  data  for  beam  1 - vertical  shows  a 
null  at  275  nmi.  If  a meteor  belt  altitude  of  95  km  is  assumed  this  range 
corresponds  to  an  elevation  angle  of  8.5°.  Measurements  made  by  Mr.  Carmen 
Malagisi  in  August  1971  indicate  a null  in  beam  1 - vertical  elevation 
antenna  p«,'..t<n-n  at  9.5°.  Because  of  difficulties  in  integrating  over  a long 
period  of  time  with  the  facsimile  display  and  taking  measurements  of  signal 
levels  off  of  it,  a more  detailed  analysis  requires  a different  signal  pro- 
cessing and  display  scheme.  This  analysis  is  described  in  the  next  section. 

B.  Spectral  Characteristics  of  Meteor  Returns  (U) 

(S)  Figures  2,  3 and  4 are  plots  of  doppler-range-power,  with  power 
in  each  doppler-range  cell  being  shown  by  a single  character.  A blank  indi- 
cates that  the  power  in  that  particular  doppler-range  cell  was  below  the 
-135  dBm  threshold  chosen  for  these  plots.  The  number  zero  indicates  a 
power  above  the  threshold  but  not  more  than  3 dB  above.  The  other  numbers 
and  the  letters  are  used  similarly  in  steps  of  3 dB.  Doppler  frequency  is 
shown  along  the  bottom  of  the  plot  with  zero  at  each  edge.  The  entire  doppler 
extent  is  being  displayed.  Range  runs  from  40  nmi  in  steps  of  20  nmi.  These 
figures  are  composites,  each  composed  of  120  separate  3.2-second  integration 
times  combined  by  averaging  power  over  time  in  the  frequency  domain.  Since 
the  pulse  length  for  this  data  was  250  p,s,  no  sample  averaging  was  used. 

During  the  period  when  the  data  for  these  figures  were  taken  the  operating 
frequency  was  23  MHz  which  was  above  the  maximum  usable  frequency. 

(S)  Operation  above  the  maximum  usable  frequency  allowed  use  of  a 
pulse  repetition  frequency  of  8C  Hz  without  the  possibility  of  contamination 
of  the  near-range  noise  data  from  long-range  clutter  and  noise  sources  being 
time  folded  into  the  near  range.  This  PRF  allows  a higher  maximum  unambiguous 
doppler  frequency  than  is  practical  to  use  below  the  MUF,  thus  more  accurately 
characterizing  the  frequency  components  in  the  returns.  The  actual  PRF  used 
for  this  series  of  figures,  80  Hz,  gives  a maximum  unambiguous  doppler  of 
±40  Hz.  An  examination  of  the  figures  shows  that  most  of  the  energy  from  the 
meteor  activity  is  concentrated  within  ±20  Hz  of  zero  frequency.  These  fig- 
ures also  confirm  the  shift  in  amplitude  versus  range  characteristic  when 
antenna  elevation  patterns  are  changed.  In  a later  section,  it  is  shown  that 
the  echoes  in  these  illustrations  approximately  match  those  expected  based 
on  the  assumed  meteor  flux  and  antenna  patterns.  Deviations  are  attributed 
to  imperfections  in  the  antenna  patterns. 
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C.  A Multiplicative  Noise  Burst  (U) 

(S)  In  order  to  take  data  below  the  maximum  usable  frequency  a very 
low  pulse  repetition  frequency  is  required  to  unfold  all  of  the  clutter  and 
noise  sources  thus  insuring  that  the  near-range  noise  data  are  not  contam- 
inated by  time-folded  returns.  The  data  shown  in  Figures  5,  6 and  7 were 
taken  with  a pulse  repetition  frequency  of  10  Hz  which  gives  a maximum  unam- 
biguous range  of  8000  nmi.  The  format  for  these  figures  is  similar  to  that 
used  in  Figures  2,  3 and  4 except  for  the  very  restricted  doppler  extent. 

Again  each  figure  represents  a 6.4-minute  average.  In  this  case  the  inco- 
herent average  is  composed  of  30  separate  integration  periods  of  12.8  seconds 
each.  In  each  of  the  figures  ground  backscatter  is  visible  from  about  1200 
nmi  to  1900  nmi.  The  near-range  noise  amplitude-range  distribution  undergoes 
the  same  shifts  in  range  as  seen  in  previous  figures.  However,  Figure  5 
shows  a large  amount  of  noise  in  the  range  1300  to  1800  nmi  which  seems  to 
be  multiplicative  because  its  amplitude-range  appears  to  correlate  well  with 
clutter  amplitude-range.  To  investigate  the  source  of  this  noise  the  30 
integration  periods  which  made  up  the  6.4-minute  average  were  examined  indi- 
vidually. Figure  8 shows  the  single  integration  time  found  to  contain  the 
multiplicative  noise.  Since  the  interruption  of  one  transmit  module  could 
cause  a noise  burst  similar  to  this  one,  the  indicators  of  transmitter  status 
written  into  the  heade-  on  the  raw  data  tape  were  examined.  They  showed  no 
evidence  of  transmitter  interruption.  Figure  9 shows  a two-minute  average 
on  beam  13V  and  is  included  to  indicate  the  appearance  of  long-term  averages 
on  beam  13,  vertical  which  do  not  include  the  multiplicative  noise  bursts. 
Although  this  noise  phenomenon  may  not  be  typical,  it  was  included  because 
it  may  represent  one  of  the  sources  of  far-range  noise  contamination.  Since 
this  did  not  represent  a near-range  phenomenon,  it  was  not  investigated 
further. 

D.  Antenna  Elevation  Patterns  Derived  from  Meteor  Data  (U) 

(U)  In  order  to  gain  something  more  useful  than  the  mere  identification 
of  the  near-range  noise,  which  is  considered  to  have  been  accomplished  by 
showing  the  gross  shift  in  range  as  antenna  elevation  pattern  is  changed,  the 
meteor  data  taken  at  10  PRF  and  shown  in  Figures  5,  6 and  7 have  been  reduced 
to  provide  elevation  antenna  patterns  of  beam  13,  both  vertical  and. horizontal 
polarization,  and  of  the  Yagi.  From  this  data  and  assuming  that  the  Yagi 
produces  its  theoretical  lobe-maximum  gain  and  that  the  near-range  noise  is 
predominantly  meteors,  a scattering  coefficient  a£,  for  the  meteor  flux  has 
been  calculated. 

(S)  Figure  10  shows  the  same  data  as  was  previously  shown  in  Figure  5 
except  that  the  signal  level  in  each  range  cell  has  been  reduced  to  a single 
number.  This  was  accomplished  by  separating  the  10-Hz  doppler  extent  available 
into  4 segments  each  2.5  Hz  wide.  For  each  of  30  integration  times  a median 
signal  level  was  determined  for  each  segment.  These  four  medians  were  then 
averaged  over  the  thirty  integration  periods  to  produce  a 6.4-minute  average. 
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Because  the  energy  from  the  meteor  returns  has  been  seen  to  be  rather  well 
spread  over  the  10-Hz  doppler  extent,  the  median  is  a good  measure  of  signal 
strength  while  eliminating  CW  and  aircraft  targets  which  would  contaminate  a 
total  power  measure.  The  DC  offset  which  appears  at  some  frequency  is  elimin- 
ated by  not  including  that  segment  covering  zero  frequency  when  finally  com- 
bining the  remaining  three  medians  to  produce  a single  measure  of  the  Signal 
in  each  range  cell. 

(U)  Before  the  signal  levels  shown  in  Figure  10  can  be  used  to  plot 
the  antenna  elevation  pattern,  they  must  be  normalized  to  remove  the  range- 
spreading factor.  Figure  11  shows  the  factor  used  to  normalize  the  received 
signals  to  that  expected  from  a distributed  target  at  200  nmi.  Figure  12 
shows  the  relationship  between  slant  range  and  elevation  angle  used  to  estab- 
lish the  elevation  angle.  Figure  13  is  the  result  of  applying  these  two 
figures  to  Figure  10  and  plotting  the  signal  levels  relative  to  the  maximum 
return  which  occurred  at  280  nmi.  The  dB  scale  shown  is  half  that  used  to 
plot  the  data  points  thus  showing  one-way  antenna  gain.  Antenna  elevation 
patterns  determined  in  this  way  assume  the  scattering  coefficient  for  the 
meteor  flux  to  be  constant  as  a function  of  elevation  angle.  For  the  angles 
between  4°  and  25°  which  were  used  here  this  assumption  probably  does  not  dis- 
tort the  skirts  of  the  patterns  very  much.  For  this  set  of  data,  the  angle 
extent  over  which  the  data  are  valid  is  from  about  4°  to  about  25°.  The  high 
angle  limit  results  from  the  switching  transient  which  contaminates  the  first 
range  sample.  The  low  angle  limit  results  from  an  accumulation  of  spreading 
loss,  which  reduces  signals  to  levels  comparable  to  the  noise  in  the  skip 
zone  produced  by  other  users. 

(U)  Figure  14  presents  a measured  elevation  pattern  for  beam  12, 
vertical.  The  elevation  pattern  for  beam  13  was  not  measured.  This  figure 
shows  a peak  at  9.5°  which  compares  rather  well  with  the  peak  derived  from 
the  meteor  data  and  shown  in  Figure  13. 

(U)  Figures  15  and  16  show  the  raw  median  data  and  the  derived  eleva- 
tion pattern  for  beam  13,  horizontal.  Figure  17  shows  the  measured  elevation 
pattern  for  beam  7.  Again  the  beam  13,  horizontal,  pattern  was  not  measured. 
The  elevation  pattern  for  beam  7,  horizontal,  is  taken  to  be  representative 
of  the  antenna  when  operating  horizontally  polarized.  A comparison  of  the 
measured  pattern  with  the  one  derived  from  the  meteor  data  indicates  a 
rather  good  agreement  in  the  position  of  the  pattern  nulls  and  an  interest- 
ing deformation  of  the  shape  of  the  main  lobe.  Whether  the  deformation  is 
real  or  is  an  artifact  introduced  by  this  particular  meteor  data  is  unknown. 
Since  the  antenna  gain  in  Figure  16  is  plotted  relative  to  the  maximum  gain 
of  beam  13,  vertical,  it  is  apparent  from  Figure  16  that  the  absolute  gain 
of  beam  13  is  reduced  by  about  1 dB  when  using  horizontal  polarization. 

(S)  Figures  18  and  19  show  the  raw  median  data  and  the  derived  eleva- 
tion pattern  for  the  Yagi.  Measured  azimuth  patterns  indicate  that  the 
beamwidth  for  beam  13  at  23  MHz  is  about  6°.  The  half-power  beamwidth  for 
the  Yagi  has  been  measured  to  be  about  36°.  If  a single  meteor  trail  were 
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being  examined,  its  radar  cross  section  would  not  depend  on  antenna  beam 
width.  However,  since  the  averaged  data  represent  the  effects  of  on  the 

rtf  1 n*''  TT10<*0rtY»e  nrtl*  Oft!  1 ►Ua  «M<nf  Urt  mam  J awaJ 


order  of  10H  meteors  per  range  cell,  the  meteor  flux  must  be  considered  an 
area  phenomenon.  Solving  the  radar  equation  for  the  antenna  gain  G 

I ,,_v3  „ \ 1/2 


In  this  equation  R is  the  range  to  the  target,  is  the  received  power,  \ 
is  the  wavelength,  is  the  transmitted  power,  and  cr  is  the  target  radar 
cross  section.  For  distributed  targets  the  radar  cross  section  a is  consid- 
ered in  terms  of  the  target  area  and  a scattering  coefficient  representing 
the  radar  cross  section  of  a unit  area.  Thus 


a = cr°RB<y  AR 


where  o°  is  the  scattering  coefficient  and  the  area  for  this  particular 
situation  is  the  resolution  cell  size.  The  resolution  cell  is  formed  by  the 
antenna  half-power  beamwidth  Buj  (radians),  the  range  to  the  target  R,  and  the 
range  resolution  AR.  Substituting  equation  (4)  into  equation  (3) 


(4tt)3  R3Pr 


\2Pt  a0Bfo  AR 


(S)  From  equation  (5)  it  may  be  seen  that  although  Yagi  operation  has 
a factor  of  6 decrease  in  transmit  power,  because  the  Yagi  uses  only  one  of 
the  six  transmitter  modules,  this  decrease  is  offset  by  a factor  of  6 in- 
crease in  antenna  half-power  beamwidth.  Having  made  the  corrections  neces- 
sary to  allow  an  absolute  gain  comparison  between  the  Yagi  and  the  system 
antenna,  note  from  Figure  19  that  the  maximum  gain  of  the  Yagi  is  about  4 dB 
below  the  maximum  gain  for  beam  13,  vertical.  If  the  theoretical  gain  of 
the  Yagi  of  19_dBi  is  realized,  the  system  antenna  gain  is  23  dBi  for  23  MHz. 
Gain  for  beam  13,  horizontal  works  out  to  about  1 dB  lower  at  22  dBi. 


(U)  Figure  20  shows  the  Yagi  elevation  pattern  courtesy  R.  Rafuse. 
Comparison  of  Figure  19,  the  elevation  pattern  derived  from  meteor  data,  with 
Figure  20  reveals  that  the  elevation  patterns  shown  in  the  two  figures  agree 
fairly  well. 


E.  Determination  of  Scattering  Coefficient  for  the  Meteor  Flux  (U) 


(U)  Equation  (4)  made  use  of  a term  <t°  which  represented  the  radar  cross 
section  per  unit  area  for  a distributed  target.  For  earth  backscatter  this 
factor,  c°,  is  about  -17  dB.  The  meteor  data  taken  as  part  of  this  test 
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allows  the  calculation  of  a similar  factor  for  the  meteor  flux.  -ligure 
10  gives  -120  dBm  as  the  median  signal  level  at  the  range  where  meteor 
activity  is  strongest,  280  nmi.  The  meteor  flux  produces  a radar  return 
that  is  spread  rather  uniformly  over  the  entire  10-Hz  doppler  extent.  The 
signal  processing  used  for  this  data  divided  the  spectrum  into  128  doppler 
cells.  Therefore,  the  equivalent  coherent  received  signal  is  -120  + 21  or 
-99  dBm.  Solving  equation  (5)  for  g°  the  scattering  coefficient 

(4n)3R3PR 

o°  = — (6) 

G2X2B(u  AR  pt 

where  R is  the  range  to  the  targA,  PR  is  the  received  power,  G is  the  antenna 
gain,  X is  the  wavelength,  B^  is  the  half-power  beamwidth  (in  radians),  AR 
is  the  range  resolution  and  PT  is  the  transmit  power.  Evaluating  the  equation 
in  dB  gives  PT  = 96  dBm,  Pr  = -99  dBm,  G2  = 46  dBi,  X2  = 22.3  dBsm,  (4tt)3  = 

33  dB,  R3  = 171  dB,  Bu)  = -9.8  dB,  and  AR  = 45.7  dB.  The  scattering  coeffi- 
cient cr^  is  then  -94.8  dB.  The  data  from  which  this  coefficient  was  derived 
were  taken  during  mid -March  at  about  0700  local  time  in  beam  13. 

(u)  Certain  cautions  should  be  observed  in  using  the  meteor  scattering 
coefficient.  Because  the  meteor  is  a diffuse  or  spread  signal  rather  than 
a coherent  return,  the  appropriate  adjustnents  must  be  made  for  the  signal 
processing  used.  Thus  if  the  spectrum  extent  occupied  by  the  meteor  returns 
is  divided  into  128  doppler  cells,  the  signal  level  calculated  from  cr^  must 
be  reduced  by  21' dB.  Diurnal  and  azimuthal  variations  of  crm  are  expected. 

VI.  CONCLUSIONS  (U) 

(S)  Certainly  sufficient  evidence  has  been  gathered  to  confirm  that 
for  23  MHz  the  near-range  noise  results  primarily  from  line-of-sight  meteor 
trail  reflections.  To  a lesser  extent  line-of-sight  aircraft  and  a switching 
transient  contribute  to  the  "noise"  in  the  very  near  range. 

(S)  For  the  lower  operating  frequencies,  there  are  indications  of  the 
possibility  of  spreading  of  surface  wave  clutter  by  antenna  vibration.  Fur- 
ther testing  is  required  to  determine  whether  this  is  indeed  the  case.  No 
spreading  of  surface  wave  clutter  above  a clutter-to-noise  ratio  of  66  dB 
was  observed  at  23  MHz. 

(S)  Antenna  corona  does  not  appear  to  be  a factor  above  10.5  MHz. 

Corona  existing  below  10.5  MHz,  because  of  its  connection  with  television 
interference,  is  the  subject  of  an  intensive  continuing  investigation  which 
will  be  reported  separately. 

(S)  The  absolute  antenna  gain  for  beam  13,  vertical  was  estimated  to 
be  23  dBi.  Various  elevation  patterns  measured  by  Mr.  Carmen  Malagisi  in 
the  summer  of  1971  were  confirmed.  A scattering  cross  section,  CTm  for  the 
meteor  flux  was  determined  to  be  -94.8  dB. 


8 


SECRET 


SECRET 


VII.  RECOMMENDATIONS  FOR  FUTURE  WORK  (U) 

(U)  Much  valuable  information  would  be  gained  from  a program  to  meas- 
ure the  elevation  pattern  as  a function  of  frequency  for  each  of  the  beams 
that  compose  the  system  antenna.  By  making  use  of  the  meteor  flux  this  may 
be  accomplished  with  about  10  minutes  of  system  time  for  each  pattern 
desired.  An  analysis  of  the  variations  in  the  elevation  patterns  between 
beams  and  on  different  frequencies  would  be  valuable  in  assessing  the  proper 
functioning  of  the  antenna  itself. 

(S)  The  propagation  prediction  program  and  the  ray tracing  programs 
currently  use  an  idealized  elevation  pattern  based  on  the  assumption  that 
the  antenna  system  design  goal  of  a frequency  and  beam-independent  eleva- 
tion pattern  had  been  met.  Analysis  of  Mr.  Malagisi's  measured  elevation 
patterns  supported  by  the  patterns  derived  from  meteor  data  indicates  that 
this  is  a very  bad  assumption.  Both  the  propagation  prediction  program  and 
the  raytracing  programs  should  be  fitted  with  a more  realistic  model  of  the 
antenna  elevation  patterns. 

(U)  The  indications  of  noise  introduced  by  antenna  vibration  when 
using  the  lower  operating  frequencies  should  certainly  be  pursued  by  further 
testing. 
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(U)  Fig.  6 - Beam  13,  Horizontal,  10  PRF,  6.4-minute  average. 
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2#o  ^ \ *o«  *03  {fooi  . . Ipoo  . /r*p  Heo  Itoo  HOC 

Threshold  = -128  dBm  Beam  13  Vertical 

Scale  - 3 dB  per  step  2.1  minute  average  Range  - nautical  miles 

(U)  Fig.  9 - Beam  13V,  10  PRF,  2-minute  average  not  including  multiplicative  noise  burst. 


BEAM  13  VERTICAL 
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(U)  Fig.  11  - R3  normalizing  factor  used. 
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(«J)  Fig.  12  - Range  and  elevation  angle  to  meteor  belt. 
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M*U» 1,1  In  k li'M  1,1  «<'«■  <i  I ilinn  < t ,ii  i ii  illnil  ilii 


dB  RELATIVE  TO  MAX  GAIN  BEAM  13V 

(U)  Fig.  19  - Yagi  elevation  pattern  calculated  from  meteor  data. 
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MEMORANDUM 


20  February  1997 


Sub  j : 
Ref : 


Enel : 


Document  Declassification 

(1)  Code  5309  Marorandum  of  29  Jan.  1997 

(2)  Distribution  Statements  for  Technical  Publications 
NRL/KJ/5230-95-293 

(a)  Code  5309  Memorandum  of  29  Jan.  1997 

(b)  List  of  old  Code  5320  Reports 

(c)  List  of  old  Code  5320  Memorandum  Reports 


1.  In  Enclosure  (a)  it  was  recommended  that  the  following  reports  be  declassified, 
four  reports  have  been  added  to  the  original  list: 

j / / j »/  j y ? / j y y 

Formal:  5589 ,y 5811,  5824,  5825,  5849,,  5862'  5875,  5881, ,59033/ 5962, ,6015, .6079,  , 

6148,  6198^,  6212?  6211,  6416? s641 9?  6485^6507,^6508,  6568/  6590/  6611,  6731,  6866/ 
7044;  7051,  7059,  1266?  1428?  1666? 1628,  1666.  Add  7684/  7692. 

/ / j / y - / / / y / / y' 

Memo/  / 1251, , 1287, y 1316,  1422,  1*B^1500,  1527/4537,  .1540,vl567  1637,  J647  . 

1727,  1758,,  1787  /J789, /1790/ 1811^  1817/  1823/,  1885f  1939/  198l/  2135/  2624/  2701, 
2645/2721!;  2122? 2122?  2166?  Add  2265/2715/ 


The  recommended  distribution  statement  for  the  these  reports  is:  Approved  for 

public  release;  distribution  is  unlimited. 


2.  The  above  reports  are  included  in  the  listings  of  enclosures  (b)  and  (c)  and 
were  selected  because  of  familiarity  with  the  contents.  The  rest  of  these  documents 
very  likely  should  receive  the  same  treatment. 


Code  5309 


Copy: 

Code  1221 

Code  5300 
Gode  5320 
Gode  5324 
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